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Abstract. Soybeans have high concentrations of proteins, amino acids and unsaturated lipids. Various 
soybean products, such as soybean meal, soy protein concentrate, and soy protein isolate are available 
and have been studied, due to their abundant nutrient contents. They are acceptable substitutes for meat 
for vegetarians and vegans, due to their high nutritional value. Soy products have been extensively 
utilized in the animal feed industry as a protein source as well.  Unfortunately, there are challenges 
associated with soybeans and soy products. Soybeans cannot be consumed without being processed. 
The main problem is the presence of Anti Nutritional Factors (ANFs), which are a major cause of poor 
protein digestibility. With respect to animal feeds, other problems include morphological and pathological 
changes, such as abnormalities in the digestive systems in non-ruminant animals. Hence, the objective of 
this study was to review various methods of processing soybeans, which can reduce anti-nutritional 
factors, increase nutrient availability, and effectively utilize the nutritional value of soybeans. 
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INTRODUCTION 
Soybeans are one of the main sources of vegetable proteins. A majority of the 
soybeans produced are converted into feed and food ingredients such as defatted flour, 
soybean meal, whole soybean flour, soy protein isolate and soy protein concentrate 
(Liu, 2000). Soybeans are believed to have originated in China. Soybeans were first 
brought to the United States from China in the 1800s as cost-effective ballast for their 
ships and were unloaded at the coast. In the year 1829, soybeans were first grown in 
the United States and were used for miscellaneous purposes. In 1929, numerous 
varieties of soybeans were shipped into the United States from China for research, 
which resulted in an exponential growth of soybean production (Cromwell, 2012). 
Soybeans account for approximately 55% of the total production of oilseeds globally. 
Soybean meal is produced by extracting oil from the seeds of the soybeans. The protein 
concentration in soybean meal ranges from 44% to 49%. It also has a balanced amino 
acid profile and is rich in lysine, tryptophan, threonine, isoleucine, and valine (Cromwell, 
2012). Due to the high protein content of soybeans, they are a good substitute for meat 
for vegetarians. Soy products are predominantly used in place of animal proteins and in 
processed foods (Liu, 2000). The consumption of soybean meal in China was 
approximately 56 million tons in 2010 (Teng et al, 2011). 
In the United States, approximately 97.5% of the total soybeans produced are used in 
livestock and poultry feed as a protein source (ASA, 2008). The demand for fish meal is 
increasing with the growing global aquaculture industry, which has in turn resulted in 
higher prices (Tacon and Metian, 2008). In fact, soybean products can be incorporated 
into fish feed in order to reduce the use of fish meal, which is expensive and accounts 
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for a majority of expenditures in aquaculture. Several studies have been conducted 
incorporating soybean products in aquaculture and other animal feeds. Major problems 
can be the development of physiological abnormalities, such as a decrease in the bile 
acid content, presence of large vacuoles in the mucosal folds of the distal intestine, 
growth retardation, and other changes in the digestive system (Iwashita et al., 2008). If 
soybeans are not processed in any way, and are directly fed to young pigs, there will be 
a reduction in growth due to the trypsin inhibitors, whereas older pigs may be able to 
tolerate these more (Cromwell, 2012). 
Problems associated with soybeans are mainly due to the presence of anti-nutritional 
factors (ANFs). The inhibitors present that prevent protein digestion are mainly trypsin 
and chymotrypsin inhibitors (Jiao et al., 1992). Trypsin is an enzyme required for the 
digestion of proteins. Soybeans contain certain factors that inhibit this activity. 
Deactivation of trypsin inhibitors is key to improving the digestibility of soy proteins. 
Another anti-nutritional factor, phytic acid, is present, which is a form of phosphorus that 
is difficult to digest, as humans and non-ruminant animals do not have the digestive 
enzymes to degrade phytic acid (Cromwell, 1999). Some of the inhibitors that are 
present in soybeans are not resistant to heat and can be destroyed if treated with heat. 
Some trypsin inhibitors, glycinin antigens, oligosaccharides, and saponins are resistant 
to heat and can remain in the soybeans even after heat treatment (Liener, 1994). 
The ill-effects caused due to anti-nutritional factors can be reduced through heat 
treatment or fermentation, as fermentation leads to bio-modification of the substrate. 
Modification can also be done by treating the soybean products directly with enzymes. 
Some studies have been conducted in these areas, and it has been shown that 
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fermentation can improve the nutritional quality of soybean meal (Hong et al, 2004). 
Another method that is being studied for the reduction of anti-nutritional factors is 
chemical treatment. A trait seen in most plant inhibitor proteins are the presence of 
intramolecular disulfides (Garicia et al, 1987). Hence, if these disulfides can be reduced, 
the effects of the anti-nutritional factors can be controlled. 
Thus the aim of the study was to review key methods of processing soybeans, such as 
fermentation, enzyme treatment, and chemical treatment, which can reduce the 
problems associated with soybeans. 
FERMENTATION AND ENZYMES 
Fermentation is a widely used method of processing food and biochemicals. 
Fermentation breaks down the substrate into a simpler form, which makes it easy for 
digestion, thus increasing protein availability.  Table 1 summarizing several studies 
related to fermentation and enzymes. 
Fermentation can be conducted by several methods, including submerged fermentation 
and solid state fermentation. Submerged fermentation involves the dissolution of the 
nutrients in a high quantity of water (Chahal, 1991). Solid state fermentation is a type of 
fermentation conducted without any free water present in the substrate which contains 
microorganisms (Lonsane et al, 1985). Solid state fermentation has a few advantages 
over submerged fermentation, including low cost, better product recovery, no foaming 
problems, and reduction of the amount of waste water generated through the process. 
The disadvantages of solid state fermentation, however, are contamination by bacteria, 
control of moisture levels, and increase in heat buildup (Lonsane et al , 1985, 
Hasseltine, 1972). 
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Teng et al (2011) studied the fermentation of soybean meal using Bacillus subtilis and 
Aspergillus oryzae (table 1). The medium for fermentation was soybean meal and wheat 
bran in a ratio of 3:1, with a moisture content of 67%. After 72 h of fermentation they 
found that the soluble protein had increased by 63.11% and 19.4% for the Bacillus 
subtilis and the Aspergillus oryzae, respectively. The amino acid content, namely 
arginine, serine, threonine, aspartic acid, alanine, and glycine contents, increased by 
50.67%, 45.6%, 34.55%, 22.25%, 21.23%, and 18.12%, respectively. Clearly, Bacillus 
subtilis was a good choice for the fermentation process, as it shows a much higher 
soluble protein and amino acid content post-fermentation. 
Solid state fermentation was used by Lio and Wang (2012) to break down the fiber that 
is present in this product, in order to increase its digestibility and potentially use it for 
non-ruminant animal feed. They observed that the highest activity of xylanase was 
757.4 IU/g when Trichoderma reesei and Phanerochaete chrysosporium were 
inoculated and incubated for a period of 36 h, followed by Aspergillis oryzae for an 
additional 108 h (Lio and Wang, 2012). 
An increase in the solubilization of soybean proteins through fermentation can improve 
the digestibility of the soybean product. Kiers et al. (2000) studied the effect of 
fermentation on digestibility (table 1). Fermentation resulted in the degradation of 
soybean macromolecules to a large extent, which resulted in an increase in the amount 
of water soluble components. It also lowered the molecular weight of the compounds 
due to the biochemical changes that took place. They found that the in-vitro digestibility 
increased from 29% to 33-43% after 48 h of fermentation (Kiers et al, 2000). 
Enzyme modification is done by the addition of enzymes to the substrate directly, or by 
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inoculating the medium with micro-organisms, which in turn ferments the medium and 
produces enzymes (Cowieson et al, 2006). Enzymes such as β-glucosidase, α-
galactosidase, phytases, and proteases are used to reduce the effects of inhibitors, anti-
nutritional factors, and oligosaccharides (Bedford, 2000). Soy isoflavones are found in 
the form of isoflavone glycosides (Izumi et al, 2000). Isoflavones are known to benefit 
human health, and they are being studied for their role in health and wellness with 
respect to cardiovascular disease, osteoporosis, and beneficiary effects on menopausal 
symptoms (Delmonte et al, 2006).  Furthermore, Iowa State University developed a 
method of enzyme-assisted aqueous extraction processing (EAEP), which is a method 
for the extraction of soybean oil. A byproduct of this process is soybean cotyledon fiber 
(de Moura et al, 2011). 
Yang et al (2009) studied the extent to which β-glucosidase (P. thermophile β-
glucosidases and commercial almond β-glucosidase) could be used for deglycosylation 
of isoflavone glycosides, in order to be able to utilize the benefits of the isoflavones 
(table 1). Five types of soybean (daidzin, genistin, daidzein, genistein, and glycitein) 
were used for the study. They also studied the thermostability of β-glucosidase. In their 
results, they reported that the isoflavone glycosides conversions in soybean flour by P. 
thermophile β-glycosidase to their aglycones were 98%, 95.8% and 99.3% of hydrolysis 
of diadzin, glycitin and genistin, respectively in 4 h. It was also found that the 
deglycosylation of isoflavone was higher in P. thermophile β-glucosidase than the 
commercial almond β-glucosidase. Additionally, the thermal stability of the enzyme at 
50°C was high, and retained 95% of its initial activity, even after 8 h (Yang et al., 2009). 
Leomar et al studied the effect of fermentation using Aspergillus oryzae on the 
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conversion of isoflavones from glycosides to aglycones and found that fermented 
autoclaved whole soy flour contained 75.51% isoflavone aglycones after 48 h of 
fermentation.  More details regarding the effects of feeding fermented or enzymatically-
treated soy products can be found in Table 1. 
CHEMICAL TREATMENT OF SOYBEANS 
Protein digestibility can be improved through chemical treatment also. The major form in 
which protein is stored in soybeans is glycinin, which contains disulphide bonds. A trait 
seen in most plant inhibitor proteins is the presence of intramolecular disulfides 
(Garicia-Olmedo et al, 1987). The primary inhibitors, which prevent protein digestion 
and are most commonly seen in soybeans, are the Kunitz trypsin inhibitor (trypsin 
inhibitor) and Bowman-Birk inhibitor (chymotrypsin inhibitor) (Jiao et al, 1992). The 
number of disulfide bonds present in the Bowman-Birk inhibitor and the Kunitz trypsin 
inhibitor are 7 and 2, respectively (Birk 1976, Wilson, 1988). Treating soy proteins to 
high temperature causes denaturation of a part of the anti-nutritional factors but is often 
not enough to completely inactivate them. For example, the Kunitz trypsin inhibitor was 
inactivated only by 80% by heating it for half an hour at a temperature of 120°C 
(Friedman et al, 1991). During chemical modification, there may be a change in the 
three dimensional structure of the protein due to reduction that makes the proteins more 
available for digestion (Herkelman et al, 1991). 
Wang et al (2009) studied the use of mild temperatures along with sulfite and 
metasulfite chemical treatments, in order to increase the digestibility of soy protein 
(table 2). Soy white flour produced through hexane extraction was used for the study. 
Results showed that the samples, which had not been subjected to heat, had lower 
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sulfhydryl content after treatment with the reducing agents, which was attributed to the 
re-oxidation of sulfhydryl compounds. Due to the inactivation of trypsin inhibitors by 
sodium metabisulfite and sodium sulfite, the in-vitro digestibility was higher for the 
samples that were treated when compared to the untreated samples; this was true even 
at a mild temperature of 55°C. An increase in either of the two chemicals resulted in 
higher digestibility values, but the digestibility when sodium metabisulfite was used was 
higher. Maximum digestibility was recorded at a temperature of 100°C. Digestibility at 
100°C was three times greater than the digestibility at 80°C (Wang et al, 2009). 
Reduction of disulfide bonds have also been reported by treating soy protein to NADP-
thioredoxin (NTS) (Jiao et al, 1992). They found that treating the proteins with NTS at 
low temperature resulted in inactivation of the inhibitors through reduction (i.e., NADPH 
reduced). In another study, Faris et al (2008) used thioredoxin to reduce the disulfide 
bonds in soy white flour. They found that sulfhydryl content was much higher in the 
samples that were treated with NTS (35.44 µmol/g), when compared to the untreated 
soy white flour (7.69 µmol/g) or the control (8.66 µmol/g). It was determined that the soy 
white flour that was treated with NTS showed an increase in digestibility (10.06%), when 
compared to the untreated white soy (7.78%) and the control samples (6.38%) (Faris, 
2008).  More details regarding the effects of feeding soy products treated by chemical or 
physical methods can be found in Table 2. 
SOY PRODUCTS AS SUBSTITUTES FOR FISH MEAL 
For decades, the primary protein source for fish feeds has been fish meal. Fish meal is 
mainly made of whole wild-caught fish or meat remains from the fish processing 
industries. Though fish meal can most readily provide fish with the nutrients that they 
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require, there are growing long-term problems associated with it. The demand for fish 
meal is increasing by the day, due to the growing global aquaculture industry, and wild 
fish production and harvest is not sustainable enough to keep up with this increasing 
demand. Another problem is the high cost of fish meal (generally between 1500 and 
2000 $/ton), which has been due to increased demand and limited natural supplies.  
The maximum expenditure for aquaculture production is the fish food. Thus, the 
dependence of the industry on fish meal is not favorable in the long run, and effective 
alternatives have to be developed (Ayadi et al, 2012).  Soybean products have high 
nutritional values, and are reasonably priced vis-à-vis fish meal. The primary drawback, 
however, is the presence of anti-nutritional factors. 
Over the years, many studies have investigated the use of soybean meal (SBM) in fish 
diets (von der Decken and Lied, 1993).  For example, Goda et al. (2007) found that 
SBM and full-fat soybeans supplemented with various amino acids could effectively be 
used in a 28% crude protein diet fed to Nile tilapia fingerlings; the fish showed higher 
growth rate, weight gain and feed intake when fed the extruded SBM diet compared to 
the fish meal control diet, which was attributable to inactivation of heat-labile 
antinutritional factors in the SBM due to extrusion processing. Other studies also 
concluded that dehulled solvent-extracted and expeller-pressed SBM at 64% and 68% 
inclusion levels, could completely replace fish meal in commercial diets containing 32% 
protein for juvenile tilapia, and did not negatively affect weight gain, survival rate, or 
palatability (Nguyen et al., 2009). In studies of southern catfish, 39% of the fish meal 
could be replaced with SBM without adversely affecting growth rate in a 48% crude 
protein diet (Ai and Xie, 2005). 
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Soy protein concentrate (SPC) has been investigated in a few studies (Cremer et. al., 
2008; table 1).  It has been used to replace fish meal in feed for salmonids (Carter and 
Hauler, 2000). Studies at 58% SPC dietary inclusion level in a 46% crude protein diet 
showed that yellowtail (Seriola quinqueradiata) juveniles had comparable growth to fish 
fed a fish meal-based control diet (Takagi et al., 2008). SPC at 49% inclusion level 
(substituted for 75% of the fish meal) in 46% crude protein diets for juvenile cobia 
(Rachycentron canadum) and did not negatively affect weight gain or growth rate (Salze 
et al., 2010).  It has also been shown that it is possible to totally replace fish meal for 
juvenile rainbow trout with SPC at 62% inclusion in a 46% crude protein diet without 
reducing growth rates (Kaushik et al., 1995). 
In recent years, soy protein isolate (SPI) has been investigated in aquafeeds as well.  
For example, in 45% crude protein juvenile cobia diets, SPI at 23% dietary inclusion 
(substituted for 41% of the fish meal) resulted in higher growth rate and weight gain 
compared to the fish meal-based control diet (Lunger et al., 2007). Conversely, when 
SPI was fed to post-juvenile Chinook salmon (Oncorhynchus tshawytscha) at 15% and 
30% dietary inclusion levels, growth performance could not be evaluated due to poor 
palatability (Hajen et al., 1993). 
Summaries of additional studies using soy products in aquafeeds are provided in Table 
3. 
CONCLUSIONS 
For years, commercial aquafeeds have been primarily based on fish meal, due to its 
many advantages, including high protein content, high digestibility, amino acid profile, 
fatty acid profile, palatability, and market availabiltiy. These characteristics make it very 
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challenging to find less expensive alternatives to fish meal without adversely affecting 
fish performance and harvest quality.  Unfortunately, the long-term sustainability of 
using fish meal in aquatic diets is not promising, and alternative protein sources must be 
found.  Promising plant protein sources include soybean meal, soy protein concentrate, 
and soy protein isolate.  More research focused on commercial-scale feeding studies, 
examining feed acceptability, digestibility, fillet quality, and impacts on entire production 
costs, should be conducted to more completely quantify soy’s potential in aquafeeds. 
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Table 1.  Studies that have examined fermentation and enzyme treatments of soy. 
 
Objective Procedure Results Author 
1) To study the 
effect of bacterial 
fermentation on 
the solubilization 
and degradation 
of soya beans 
that may result in 
an increase in 
digestibility 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2) To analyze the 
addition of PSG 
(PepSoyGen) 
into juvenile 
rainbow trout 
 
 
 
 
 
 
 
 
 
 
 
5 strains of bacteria, bacillus 
species, were selected for the 
study.  
 
100 g of soy beans were soaked 
overnight. They were autoclaved 
at 121°C for 30 min, then cooled 
and inoculated.  
 
The beans were fermented at 
37°C for 24 h and 48 h. The 
bacillus subtilis species were 
inoculated for the following time 
intervals: 6, 12, 18, 24, 36 and 48 
h.  
 
10g of the samples were then 
homogenized using 90 mL of 
water. Then 1 mL was poured with 
molten nutrient agar, which was 
left to solidify. Then a layer of 
nutrient agar was added and 
incubated at 37°C for 24 h. 
 
The samples were freeze dried 
and ground. Then they were 
defatted by extraction with 
petroleum ether. Then the 
solubilization, absorbability, and 
digestibility were determined. 
 
 
 
 
 
Oncorhynchus mykiss was used 
in the 70 d feeding trial, involving 
an additional 40 d of 
experimentation. 
 
The temperature of the water was 
maintained at 11°C and pH at 7.6. 
The flow rate of water to the tank 
was maintained at 40 L /min. 
 
There were 6 diets formulated, in 
which the percentages of PSG 
(PSG) were kept at 0, 10, 20, 30, 
40 and 50%. The PSG replaced 
the FM. 
 
The quantity of soluble and 
dialyzable matter increased from 
22% and 6% up to 65% and 40% 
respectively. 
The first 18 h resulted in a 
release of high levels of peptides 
and oligosaccharides.  
In vitro digestibility increased from 
29% to 33-43% after 48 h.  
There was degradation of soy 
bean macromolecules resulting in 
water soluble, low molecular 
weight compounds. 
Showed the fermentation of soya 
beans using Bacillus resulted in a 
large number of biochemical 
changes, resulting in increased 
solubility and dialyzable material. 
 
 
 
 
 
 
The tanks containing rainbow 
trout, receiving diets containing 0, 
10, 20, and 30% PSG diets were 
seen to have no difference in the 
total tank ending weights or the 
weight gain. 
 
Weight gain was seen to be less 
in the fish receiving diets 
containing 40% PSG and lesser 
with the fish receiving 50% PSG 
diet.  
 
No significant difference in protein 
Kiers,2000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Barnes, 2012 
(unpublished)
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3) To evaluate 
the effects of 
partial and total 
substitution of 
fish meal with 
PSG on fish 
performance and 
responses and 
economic 
potential of 
replacing fish 
meal with 
sustainable 
soybean feedstuff 
in yellow perch 
feed. 
 
 
 
 
 
 
 
 
 
 
 
24 tanks were taken and the 
different diet formulations were 
assigned randomly. There were a 
total of 200 fish used for the study. 
Feed amount was recorded every 
day. The number of fish 
mortalities was also noted. 
 
Once the trial was over the tank 
weight was recorded and weight 
gain was calculated. The feed 
conversion ratio was also 
calculated. 
 
From each of the tanks, 5 fish 
were euthanized for the 
determination of the carcass 
composition.  
 
For the secondary trial, 4 diets 
were used containing 0, 10, 20, 
and 30% PSG. It was conducted 
over a period of 40 d. The fish 
health data was then obtained. 
 
 
 
 
 
5 feeds were made containing 
increasing amounts of PSG (0, 25, 
50, 75, 100%) and decreasing 
amounts of FM. 
 
Fish were grown in a 340 L flow 
through tank, from which 14 fish 
were randomly selected.  
 
These fish were fed with a control 
diet for a period of 2 weeks at 
acclimation period. The fish were 
then fed the 5 different feeds that 
were formulated twice a day for a 
period of 105 d. The water 
temperature was maintained at 
23°C throughout. 
 
The fish were then euthanized to 
determine the results of the trials. 
 
 
 
 
 
 
 
content was seen in the fish 
receiving diets containing 0-40% 
PSG. The fish fed diets with 50% 
PSG had a lesser protein content, 
when compared to fish fed the 
10% PSG diet.  
 
For the secondary trial, there 
were no significant differences in 
the feed conversion, mortality or 
gain.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There were no mortalities through 
the course of the study; hence, 
the diet changes had no effect on 
the mortality. 
 
The diet with PSG met all EAA 
requirements except lysine. 
 
Diets that contained 75% or more 
PSG failed to produce a 100% 
weight gain.  
 
There was a reduction in mean 
weight gain as the PSG amounts 
increased.  
 
Fish fed with 100% PSG were 
seen to have consumed the least. 
 
Thus, this study indicates the 
potential for PSG as an 
alternative protein source, but 
unsupplemented diets with more 
than 25% PSG could not show a 
performance that was 
comparable to that of a FM diet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rosentrater, 
2012 
(unpublished)
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4) To determine 
the effect of 
fermenting 
soybean meal 
with Bacillus 
subtilis and 
Aspergillus 
oryzae, on the 
nutrient content, 
and determine 
the in vitro 
digestibility, anti-
oxide activity, 
and content of 
trypsin inhibitor 
present. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A medium consisting of soybean 
meal and wheat bran in the ratio 
3:1 was used, and moisture 
content of 67% was autoclaved at 
a temperature of 121°C for a 
period of 20 
min. 
 
This medium was inoculated at a 
10% ratio for both of the strains. 
The inoculated medium was 
incubated for 72 h at 28°C and 
37°C for Bacillus subtilis and 
Aspergillus oryzae, respectively.  
 
After the 72 h period, the 
incubated, fermented soybean 
meal was ground and passed 
through a 60 mesh. 
 
The crude fat and protein contents 
were determined by Soxhlet 
extraction and Kjeldahl methods, 
respectively. 
 
Proteins were extracted by adding 
a phosphate buffer solution to 
0.25 g of the ground samples. 
These samples were centrifuged 
at a speed of 12,000 rpm at 4°C 
for 10 min. The soluble protein 
content was determined by taking 
samples of the supernatants using 
the Bradford method. 
 
SDS-PAGE analysis was done. 
The sample supernatants were 
first denatured using a buffer for 
10 min, while the temperature was 
maintained at 100°C. The 
samples were then centrifuged at 
a speed of 12,000 rpm at room 
temperature for 10 min. A 15 µL 
aliquot sample of the supernatant 
was subjected to a 12% gel for 
SDS-PAGE; this was done at 80 V 
and 180 V. The protein distribution 
was represented as a percent of 
the total. 
 
The degree of hydrolysis was 
determined after a measurement 
 
 
 
 
After the 72 h fermentation period 
with Bacillus subtilis and 
Aspergillus oryzae, relative 
protein crude content was seen to 
increase by 8.61% and 8.42%, 
respectively.  
 
After 72 h, content of soluble 
protein found in the fermented 
soybean, fermented by B. subtilis 
and A. oryzae, was 32.98% and 
8.42%, which was an increase of 
63.11% and 19.4%, respectively. 
 
Amino acid content increased. 
The increase in arginine, serine, 
threonine, aspartic acid, alanine 
and glycine in PSG with B. 
subtilis was 50.67%, 45.6%, 
34.55%, 22.25%, 21.23%, and 
18.12%, respectively.  
For the soybean meal fermented 
by A. oryzae, the content of 
arginine, serine, and threonine 
increased by 25.22%, 15.09%, 
12.77%, and 11.29%, 
respectively. 
 
The samples showed a lot of 
variance in the anti-oxidative 
activity. The PSG with B. subtilis 
and A. oryzae was 32.2 and 26.8, 
respectively. The control was 
initially determined to be 8.2%. 
Hence, a large difference was 
observed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Teng, 2011 
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5) To study the 
thermal stability 
of β-glucosidase 
and the extent to 
which it could be 
used for 
deglycosylation 
of isoflavone 
glycosides in soy 
products in order 
to exploit the 
health benefits of 
isoflavones. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
of the neutral proteinase activity 
was done. Anti-oxidative activity 
assay was also done in order to 
determine the anti-oxide activity. 
 
 
 
 
 
For the study, five types of 
soybeans were used: daidzin, 
genistin, daidzein, genistein, and 
glycitein. 
 
B-glucosidase from almonds was 
used. It was purified and the 
activity at 50°C and 37°C was 
determined. The concentrations of 
proteins present were determined 
using the Lowry method by using 
bovine serum albumen (BSA) as a 
standard. The thermo-stability was 
determined at different 
temperatures. 
 
High performance liquid 
chromatography (HPLC) was 
used to determine the composition 
of isoflavones. 
 
A coffee grinder was used to grind 
the beans into fine powders. With 
the help of a Soxhlet extractor, the 
ground beans were defatted and 
extracted using 20 mL of 80% 
methanol, by stirring overnight at 
room temperature after they were 
centrifuged at 11,000 g for 15 min. 
The supernatants were then 
filtered in order to quantify the 
isoflavones using HPLC.  
 
In order to separate the soy bean 
embryo from Zhongdou-27 
soybeans, 50 g of the soybeans 
were soaked in water for 8 h, and 
then the embryos could be 
separated. These were dried, 
crushed, extracted with 80% 
methanol, and centrifuged at 
11,000 g, after the supernatant 
was filtered.  
 
The soybean flour and embryo 
extracts were hydrolyzed using a 
0.01 U/ml β-glucosidase. The β-
 
 
 
 
 
 
 
 
 
The thermal stability of the 
enzyme at 50°C was high and 
retained 95% of its initial activity, 
even after 8 h. At a temperature 
of 60°C, more than 70% of the 
initial activity was retained after 8 
h. 
 
The range of isoflavone in the five 
varieties studied was between 
190 to 446 mg/100 g. The 
isoflavone that was seen to be 
predominant was mainly 
glycosides, which were in a range 
of 101-309 mg/100 g. 
 
The isoflavone glycosides 
conversion in soybean flour by P. 
thermophile B glycosidase to their 
aglycones were 98%, 95.8% and 
99.3% of hydrolysis of diadzin, 
glycitin and genistin in 4 h, 
respectively. 
 
For the soy flour extract and 
soybean embryo extract, 
hydrolyzed by P. thermophile β-
glycosidase concentration of 
isoflavones after 4 h were seen to 
increase by 38.3 and 30.6 times 
the original concentration. 
 
Deglycosylation of isoflavone was 
higher in P. thermophile β-
glucosidase than the commercial 
almond β-glucosidase. 
 
In control reactions without 
enzymes, almost no hydrolysis 
was seen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Yang, 2009 
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6) To study the 
effect of 
fermentation of 
soybean meal 
and the 
fermentation 
conditions for the 
non-fish meal 
based diet of 
rainbow trout. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7) To study the 
effect of using 
PSG along with 
Methionine and 
additional amino 
acids in the diet 
of Juvenile 
Rainbow Trout 
glucosidase was in a 450 µL of 50 
mM MES buffer with a pH 6.2. 
The samples were then incubated 
at either 50°C or 37°C, depending 
on whether it was for the 
thermophile β-glucosidase or for 
the almond β-glucosidase for 10 
m and 4 h, respectively. Mixtures 
of acetic acid-acetonitrile were 
used to dilute the samples. The 
final determination of isoflavones 
was done by HPLC. 
 
 
 
 
 
The feed consisted of defatted 
and heat treated SBM, which was 
fermented using bacteria (bacillus 
species). 
 
There were 2 different conditions 
used for the fermentation: 
1) PSG1- SBM was fermented for 
7 h, containing a water 
percentage of 30% until the 
temperature reached 80°C. 
2) PSG2- SBM was fermented for 
a period of 10 h, having a water 
percentage of 45% until 
temperature reached 80°C. 
 
4 diets were prepared for the fish, 
i.e., FM, SBM, PSG1 and PSG2. 
For the non-fish meal diets corn 
gluten was used at a 21% level. 
 
 
Essential amino acids were 
supplemented for the non-fish 
meal diets. 
 
 
 
 
 
 
The temperature of the water in 
which the fish were grown was 
maintained at 11°C, and the pH 
was maintained at 7.6. The tanks 
were loaded with 40 fish, and the 
total tank weight was recorded. 
The fish feeding started, and it 
continued for a period of 36 d. The 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lower digestibility values of 
carbohydrates and lipids were 
observed in fish that consumed 
the SBM diet. The diet was 
improved by fermentation of the 
SBM.  
 
Food consumption rate for PSG2 
was seen to be lesser than the 
FM diet. 
 
Protein digestibility was found to 
be lowest on fish who consumed 
the diets containing fish meal. 
Protein digestibility increased with 
fermentation of SBM 
(SBM<PSG1<PSG2). The fish 
fed with the PSG2 diet showed 
protein digestibility that was 
significantly higher than the SBM 
diet. 
 
Body weight of fish fed with SBM 
was lesser than when fish were 
fed with PSG. 
 
 
 
 
 
 
The overall weight gain, percent 
weight gain, and feed conversion 
ratio were greater in the control 
diet than in the diets containing 
PSG, although feed conversion 
ratios were below one for all of 
the diets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Yamamoto, 
2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Barns, 2012 
(unpublished)
 
 
 
 
 
 
2013 ASABE Annual International Meeting Paper Page 19 
fish were fed once a day by hand. 
 
The 15 tanks were randomly 
assigned one of the 5 different 
diets formulated. 
 
There were 4 diets formulated, 
other than the control diet. Out of 
the 4 diets, 2 contained 10% FM 
and 40% PSG, and the other 2 
contained 50% PSG.  
 
Methionine was added to all the 
diets, while lysine, isoleucine, and 
histidine were added to one of the 
40% and one of the 50% PSG 
diets. 
 
At the end of the trial, total weight 
of the tanks were taken in order to 
find the weight gain. 
 
The feed conversion ratio for each 
tank was calculated.  
 
5 fish from each tank were 
randomly selected and weighed. 
The length was measured, health 
profile was completed, and the 
protein digestibility was noted.  
 
6 fish were euthanized to detect 
the carcass composition. 
A single mortality was observed 
during the trial.  
 
The protein digestibility was least 
in the controlled diet and 
increased with the increase in the 
PSG concentration.  
 
The addition of Amino Acids had 
no significant effect.  
 
There was no major difference in 
the length, weight, and health 
parameters of the fish. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
2013 ASABE Annual International Meeting Paper Page 20 
Table 2.  Studies that have examined chemical and physical treatments of soy. 
 
Objective Procedure Results Author 
1) To use mild 
temperatures 
and sulfite and 
metasulfite 
chemical 
treatments to 
increase the 
digestibility of 
soy proteins.  
 
To find a 
feasible method 
to treat the 
native protein 
fractions from 
aqueous-
extraction 
processes 
(AEP), and 
overcome the 
technical 
problems in 
order to 
improve the 
quality to use it 
in animal feeds.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Soy white flour from hexane extraction 
was used for the study with a 
dispersibility index greater than 85. 
The sulfhydryl quantification of the soy 
flour was determined. The crude 
protein content was determined by the 
micro Kjeldahl method for both the soy 
white flour as well, as the sodium 
metabisulfite (SMBS)-treated soy flour. 
 
An in vitro digestibility of the samples 
was done using trypsin, in terms of 
protein hydrolysis.  
 
2 g of the soy white flour sample was 
added to 20 mL 
of 10 mM phosphate buffered 0.85% 
saline and was incubated at 55°C for 
an hour and 25°C for an hour, 
respectively. The reducing agents that 
were initially selected were SMBS and 
sodium sulfite. These were added at 2 
different conditions, 0.2 mmol/2g of 
white flour and 1.0 mmol/2g of white 
flour. The samples were incubated at 
55°C. An additional treatment without 
55°C incubation was also done. The 
samples were then dialyzed against 
water for a time period of 3 d and 
lyophilized, after incubation and 
reaction.   
 
Effects of the temperature, time of 
heating, and reducing agent SMBS on 
in vitro digestibility of soy proteins by 
Trypsin were determined. In order to 
conduct these tests, 1g of soy white 
flour sample was dispersed in 20 mL of 
0.1 M phosphate buffer at a pH of 7. 
The samples contained either 0 or 5% 
SMBS. These were either heated at 
80°C or 100°C for 15 min or not 
heated. Each of the treatments 
mentioned were repeated 3 times.  
 
The in vivo feeding test was prepared. 
Two types of soy proteins were 
prepared. The first type, which was 
treated with 0.9 mol SMBS after 1.8 kg 
white soy flour was dispersed in 9 L of 
10 mM phosphate buffered 0.85% 
Samples, which had not 
been subjected to heat, had 
a lower sulfhydryl after the 
treatment with the reducing 
agents; this was pointed out 
to be attributed to the re-
oxidation of sulfhydryl 
compounds. 
 
Digestibility tests, which 
were done in vitro with 
trypsin, showed a higher 
digestibility for all the treated 
samples. Even a mild heat of 
55°C showed an increase, 
which was attributed to the 
inactivation of trypsin 
inhibitors.  
 
Increased sodium sulfite or 
SMBS showed higher 
digestibility values. 
 
SMBS was better in 
increasing the digestibility, 
when compared to sodium 
sulfite.  
 
From the data obtained, it 
suggests that the chemically 
reduced soy protein 
digestibility may not 
correspond directly to the 
sulfhydryl content that is 
detectable. This was due to 
new sulfide bonds formed by 
the generated sulfhydryl 
groups. 
 
With respect to heat 
treatment, at 100°C in vitro, 
digestibility was the highest. 
 
Heating time and addition of 
SMBS had no significant 
effect on the value of 
digestibility. 
 
The heat treatment done at 
100°C was more than 3 
times the value of 
Wang et al, 
2009 
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2) To discuss 
the aqueous 
extraction 
processes and 
highlight their 
advantages 
and 
disadvantages. 
 
saline at a pH of 7.5, and a control, 
which was not treated with SMBS at 
the same conditions. The samples 
were incubated at a temperature of 
55°C for 1 h. This is how the 
preparation of the in vivo feeding test 
was done, and then the feeding test 
was conducted on chicks. 16 pens 
were used for the test consisting of 4 
pens for each treatment, and each pen 
contained 3 birds. The treatments 
consisted of a high protein control 
containing 23% crude protein, a low 
protein control in which 17.25% crude 
protein was present, a low protein soy 
control containing 17.25% in untreated 
soy flour, and a low protein SMBS 
treated soy flour containing 17.25% 
crude protein 
 
 
 
 
 
Aqueous extraction processing 
includes grinding the feed, extracting 
the oil out of the feed, centrifugation, 
followed by de-emulsification. The 
technologies used for the separation of 
oil in the cream dictates the cost of this 
process. 
 
Physical methods used on soybeans 
include mainly, flaking, grinding, and 
extruding. 
 
Both grinding and flaking result in the 
release of the intracellular material 
from the inside of the cells, but few 
remain intact far away from the surface 
of the particles. 
 
Flaking enables hexane to pass 
through a larger surface of the 
soybeans and thus improves the 
efficiency of hexane extraction. 
 
The yield of protein extraction is the 
amount of protein that is removed from 
the residual fraction. 
 
Most aqueous extraction processes on 
flaked and ground soybeans have 
been successful. 
 
Extraction from flaked soybeans, soy 
digestibility at 80°C, which in 
turn suggested that a large 
amount of heat is needed to 
inactivate the trypsin 
inhibitors. 
 
In the feeding trial, chicks 
that were fed the SMBS diet 
had a higher gain. The feed 
ratio increase was 27% and 
PER increase was 57%, 
when compared to those 
that were fed the control 
(LPSC).  
 
 
 
 
 
 
 
 
 
 
Commercialization is still a 
big problem, although the 
performance of aqueous 
extraction processes and 
enzyme assisted aqueous 
extraction processes have 
improved considerably with 
very high yields.  
 
Although the cells are 
disrupted after extrusion is 
carried out, the absorption of 
oils by insoluble proteins 
make it difficult for the 
recovery of oils. 
 
The droplets of oil should 
have a size such that it is 
able to pass through the 
disrupted cell matrix.  
 
With respect to the cost-
effectiveness of aqueous 
extraction processes and 
enzyme assisted aqueous 
extraction processes, 
utilization of the skim fraction 
is an important factor. An 
easy method to do this is by 
precipitation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Campbell et 
al, 2011 
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flours, and extraction of intact oil 
bodies were studied. In addition to this, 
the demulsification of aqueous 
extraction processes cream of flour 
and flakes were studied. 
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Table 3.  Studies that have examined use of soy products as substitutes for fish meal. 
 
Objective Procedure Results Author 
1) To review all 
the alternative 
sources for 
aquaculture, 
including plant 
protein sources: 
SBM, SPC, 
DDGS.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fish meal was made from surface dwelling fish 
(anchovy, herring, mackerel, sardine, tuna, etc.)  
or from wastes obtained from sea food 
processing industries. 
It is light brown in color and is made by cooking, 
pressing, drying, and milling raw fish. 
 
Animal protein sources included aquatic food, 
such as meat and bone meal. 
Since there is a high amount of meat production 
in the US, most organic waste is seen from the 
food processing sector. 
This can be used as a protein supplement 
(prohibited to use in ruminant feeds in many 
countries because of the Bovine Spongiform 
Encephalopathy). 
 
Blood meal is made of blood from animal 
processing plants and is dried after blood is 
centrifuged, in order to eliminate any foreign 
material. 
Bone meal has also been avoided in aquaculture 
due to Bovine Spongiform Encephalopathy. 
 
Soy bean meal is obtained by removing oil from 
whole soy beans, toasting the flakes, and 
grinding it into meal. 
SBM is a commonly used plant protein because 
of its nutritional value, availability, consistent 
composition, and reasonable cost.  
The limitations are the presence of ANFs.  
 
Soy protein concentrate is one of the major soy 
proteins used in aquaculture feed. It is derived 
from dehulled solvent extracted with ethanol or 
other acids so that soluble carbohydrates and the 
various ANFs are removed.  
 
Soy protein isolate is the most pure form of soy 
protein and has the highest protein content of all 
soy products.  
It is made from further processing SPC to 
remove the insoluble fiber, using alkaline 
extraction.  
 
DDGS is the main coproduct of ethanol 
production from corn grain in the US.  
As a result of fermentation, high amounts of most 
nutrients are present compared to corn, including 
proteins, fats, minerals and fiber. One limitation 
is the low levels of essential amino acids. 
Traditionally, fish 
meal has a high 
protein content. 
 
Plant proteins lack 
essential amino 
acids, unlike fish 
meal. 
 
Potential plant 
protein sources 
include SBM, SBC, 
SPI, and DDGS. 
 
DDGS seems more 
advantageous due 
to its lower pricing. 
 
Absence of ANFs is 
another advantage 
of DDGS over soy 
proteins.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ayadi et. al., 
2012 
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2) To use DDGS 
along with high 
quality SPC as a 
replacement to 
fish meal for fish 
feed. 
 
To examine the 
utilization of 
nutrients and the 
performance of 
yellow perch, 
which were fed 
these mixed 
plant-based 
alternative 
proteins with 
and without 
supplements of 
amino acids. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3) To study the 
effect that 
soybean meal 
protein has on 
the growth and 
muscle 
metabolism in 
fish. 
 
 
 
 
 
 
 
 
There were four experimental feeds that were 
initially made containing FM, DDGS, and SPC. 
The DDGS levels were made for testing with and 
without AA supplements. The compositions of 
the FM, DDGS, and SPC are given as: FM (70% 
crude protein and 9.7% lipid), SPC (73% crude 
protein and 0% lipid), and 20% or 40% DDGS 
(29% crude protein and 11.9% lipids). 
 
A 340 L flow through tank was used for the 
analysis. Yellow perch were taken in the tank, 
and they were made to be accustomed to a 
pelletized diet for a period of 60 d. A set of 25 
fish were randomly selected for the study. 
 
The temperature of the water was kept at 23°C, 
and the pH was kept between 8-8.6 during the 
course of the trial. 
 
The fish were hand fed every day for 63 d, and 
the consumption was monitored. Total tank 
weight was also measured in 21 d. 
 
Upon completion, total tank weight was 
measured along with the length of the fish and 
their individual weights. 
 
The body, viscera, liver, and fillet weights were 
necropsied in order to examine the condition, 
muscle ratio, and muscle tissues. They were 
collected for the analysis of crude protein, crude 
fat, crude fiber, moisture, ash and amino acid 
profiles as well. 
 
 
 
 
 
 
 
Cod averaging 40 g was taken in a sheltered 
aquarium with sea water running at a rate of 4-5 
L/min. The water was maintained at a 
temperature of 7 to 8°C and 3.5% salinity. 
 
The photoperiod was automatically regulated at 
12 h of light and 12 h of dark. 
 
The fish were acclimated for a period of 4 weeks 
to the experimental conditions.  
 
 
 
 
 
 
It was seen that the 
fish accepted the 
feed actively and 
readily. 
 
There were no 
mortalities through 
the trial of the 
experiment. 
 
Weight gain was 
highest in the fish 
that were 
supplemented with 
amino acids. 
 
Fish performance 
was better when 
DDGS was 
incorporated at 40%. 
 
Diet composition 
was seen to have no 
effect on muscle 
ratio. 
 
The analysis of the 
diets also showed 
that only diets with 
AA supplements 
completely met or 
exceeded the 
suggested AA 
required for yellow 
perch. 
 
 
 
 
 
The replacement of 
200 g/kg high quality 
fish meal by soya 
bean protein allowed 
a normal growth of 
the fish, but at a 
replacement of 300 
g/kg, the growth rate 
declined. 
 
Food intake level in 
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4) To 
demonstrate to 
fish farmers and 
feed millers that 
SPC can be 
used as an all 
protein fish feed 
in place of FM 
that would allow 
better 
sustainability in 
the industry. 
 
The study involved 8 groups in which each group 
consisted of fifteen fish, 2 groups of each of the 4 
treatments (i.e. 0, 10, 20, and 30% soybean 
protein, and the rest consisting of fish meal).  
 
The trial lasted for a period of 43 days. The fish 
were fed twice daily and were fed until they were 
satiated.  
 
After the 43 d period, the fish were starved for 3 
d and then euthanized, weighed, and examined.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Black carp were taken in 6 ponds, 2.0 mu (0.13 
ha) with a density of 600 fish per mu (9000/ha), 
along with 100 silver carp per mu (1500/ha). 
 
The fish were fed twice per day to satiation.  
 
The fish in three of the ponds were fed with fish 
feed containing 20% FM, while the black carp in 
the other three ponds were fed with feed in which 
the fish meal was replaced completely with SPC. 
This feed was also supplemented with 
methionine.  
 
All the feed was fed in an extruded, floating pellet 
form.  
 
This was conducted for a period of five months. 
The six trial ponds were then harvested. 
 
All the fish from each of the ponds were weighed 
to obtain data on the net production and feed 
conversion efficiencies. 
 
Sub samples of fish were obtained from each 
pond to determine the fish survival and the 
average weights for black and silver carp. 
 
 
the group fed with 
30% soya bean 
protein had a food 
intake level that was 
lower than the other 
groups.   
 
There was a 
reduced growth rate 
of fish associated 
with a high plant 
protein diet.  
 
With an increase in 
the soya bean 
protein, the 
deposition of 
glycogen in the 
muscle fell.   
 
 
 
 
 
The target market 
size of 750 g was 
exceeded for all the 
black carp that was 
grown. 
 
The black carp was 
noticed to grow 
larger and resulted 
in a higher harvest 
biomass when fed 
with the fish feed 
containing SPC, 
when compared to 
the FM. 
 
The silver carp grew 
from a weight of 280 
g to 1833 g in the 
SPC ponds and 
from an initial weight 
of 270 g to a weight 
of 1650 g in the FM 
ponds.  
 
The average 
survival rates for the 
black carp was 
65.2% and for the 
silver carp was 98% 
in the SPC tank, and 
71.5% and 99%, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cremer et. al., 
2008 
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respectively in the 
FM tanks. 
 
This indicates that 
black carp do not 
have a dietary 
requirement for FM, 
and if the SPC is 
formulated well, it 
can be used to 
replace the FM. 
 
